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論文内容の要旨 
River metabolism is the balance between carbon fixation through gross primary production (GPP) and 
mineralization of autochthonous and allochthonous organic matter through ecosystem respiration (ER). A 
river is autotrophic if production is higher than respiration, and heterotrophic if respiration is higher than 
production. Generally, river ecosystems tend to be heterotrophic since in addition to autochthonous 
organic carbon fixed by autotrophs within rivers, allochthonous organic carbon is also discharged from 
terrestrial ecosystems into rivers and respired. Therefore, measurement of river metabolic rates (i.e. GPP 
and ER rate) are of prime importance in determining and evaluating the ecological state of rivers. River 
metabolic rates can be measured by diel changes in dissolved oxygen (DO) concentrations which is 
determined by the balance between instantaneous production and respiration rates in rivers and gas flux 
between river water and air known as reaeration rate (K). 
Classically, it has been expressed as: 
 
where  is difference in DO concentration for a short time interval. Therefore, if temporal 
estimations of DO and reaeration rates are available, both GPP and ER rates can be empirically estimated. 
Due to the development of DO measurement probes, it has become possible to automatically measure 
high frequency in situ DO concentrations. However, since estimation of reaeration rate was 
experimentally laborious and imprecise, it has been difficult to estimate the GPP and ER rates from this 
type of equation. Fortunately, recent progress in mathematical models with Bayesian algorithms, such as 
BASE v2.0 model, have made it possible to determine reaeration rates simultaneously with estimations of 
GPP and ER rates.  
In Japan, the Ministry of Land, Infrastructure, Transport and Tourism (MLIT) has routinely measured 
diurnal changes in DO and water temperature at monitoring sites of major rivers and provides these data 
as an open access database named Water Information System. Using these measured DO values with a 
modern statistical modelling, I estimated GPP, ER and NEP rates in various rivers of the Japanese 
Archipelago.  
In the first chapter, I examined if river metabolic rate changes spatially along latitude. Since 
temperature is a key factor affecting photosynthetic and respiration rates, the rates of GPP and ER are 
expected to be lower for rivers at higher latitudes, while the NEP rate likely decrease in rivers at lower 
latitude due to higher sensitivity of ER to temperature compared with GPP. To examine these possibilities, 
I estimated the ecosystem metabolism of 30 rivers located from 43.037°N to 32.386°N in Japan during 
summer using a Bayesian model with hourly changes in dissolved oxygen concentrations. In addition, I 
examined latitudinal trends of GPP, ER and NEP in a global scale by compiling and analyzing river 
metabolic data estimated in previous studies. This analysis showed that both GPP and ER tended to 
increase with latitude, although these rates were positively related to water temperature in Japanese rivers. 
Global dataset of GPP and ER also showed increasing trend towards higher latitude. In addition, contrary 
to my initial expectations, NEP decreased with latitude and most rivers were net heterotrophic at both 
regional (Japanese rivers) and global scales. These results imply that the latitudinal temperature effect on 
river metabolism is masked by other factors not examined in this study, such as land use in the watershed, 
which play pivotal roles in explaining the latitudinal variation of river metabolism. 
In the following chapter, I estimated river metabolic rates in four seasons from 2010 – 2016 at 16 river 
stations across Japan to examine magnitude of annual and seasonal variations in river GPP and ER rates 
and if these variations change across the latitudinal gradient. The analyses showed that seasonal variation 
across the rivers was greater than annual variations in the GPP rates, while, the annual variations in ER 
rates was often higher than, or the same level to, the seasonal variations, indicating that seasonality is 
stable in the GPP rate than in the ER rate in river ecosystems. Temperature, precipitation and 
photosynthetically active radiation (PAR) explained 50% of the seasonal variation in the GPP rate while 
temperature, precipitation and GPP rate explained 27% of the seasonal variation in ER rate. More 
importantly, I found that magnitudes of seasonal variabilities in the GPP and ER rates tended to increase 
toward north. Although, the magnitude of seasonal variability along the latitude gradient in the ER rates 
was well explained by temperature and GPP rate, seasonal variability along the latitudinal gradient in the 
GPP rates were not explained by temperature and PAR, suggesting that seasonal and spatial responses of 
the river GPP rate to changes in environmental conditions differ with those of ER rate, and that the 
magnitude of seasonal variability in GPP is determined by local environmental conditions independent of 
the latitudinal environmental trend. 
In the last chapter, I examined the hypothesis that land use and land cover in the watershed play a 
pivotal role in explaining the latitudinal variation of river metabolic rates. For this objective, I examined 
land use and land cover in the watersheds of 23 Japanese rivers across the latitudinal gradient of 
43.037°N to 32.386°N at eight different spatial scales. The analysis showed that land use and land cover 
components have different effects on metabolic rates depending on the distance from the location where 
these rates were measured. For example, GPP rate was affected by near-distance agriculture and forest 
areas and far-distance agriculture and grassland areas and ER rate was affected by near-distance 
agriculture and urban areas and far-distance grassland areas. More importantly, the results supported the 
hypotheses that increasing trends of GPP and ER rates toward north rivers were indeed generated by 
latitudinal differences in land use and land covers in the watershed. Latitudinal variations in the river 
metabolic rates suggests that the balance of GPP and ER rates in given river ecosystem will change under 
putative warming. However, this study suggests that changes in land use and land cover induced by 
anthropogenic activities in the watersheds would have greater impacts on the balance between the GPP 
and ER rates in given river ecosystems. 
 
 
論文審査結果の要旨 
 
河川における代謝速度は、河川藻類等による一次生産速度（GPP）と内生性及び外来性有
機物を分解する生態系呼吸速度（ER）のバランスに依存しており、河川における生態系過
程を評価するうえで極めて重要である。河川の GPPと ERは溶存酸素濃度(D0)の変化から
測定されるが、その日変動を詳細に記録したり、大気―水圏間でのガス交換速度を精度良
く実測したりすることが困難なため、広域的な測定は行われてこなかった。しかし、近年、
日本のいくつかの１級河川では１時間毎に D0が測定されるようになり、統計的手法の進展
により DOの経時観測から GPPと ERの算出も可能となった。本研究は、それら方法を駆
使することにより、これまで良く判っていなかった河川代謝についての広域的な仮説の検
証を行った。まず、代謝速度が温度や光に影響されることから、GPPと ERは北に向かっ
て低下するという仮説をたて、夏季を対象に国内の南北の 30河川と世界各地の河川データ
を用いて検証した。その結果、予想に反し、GPPも ERも北方の河川で高くなる傾向が検
出された。これら結果から、河川の代謝速度が温度や光照度など広域低な要因よりも、緯
度に沿った被覆や土地利用に依存していることが示唆された。次いで、これまで全く調べ
られていなかった河川代謝の季節変動について解析を行った。その結果、GPPや ERの季
節変動が高緯度ほど大きくなることを見出した。ERの緯度に沿った季節変動のパターンは
GPPや温度の変動で良く説明されたが、GPPについては温度や光環境の季節変化では十分
に説明出来ず、その変動の大きさは広域的な要因よりも、地域的な要因によるものである
ことが示唆された。これら結果を元に、国内南北に位置する 23河川集水域を対象に、GPP
と ERに及ぼす集水域の被覆・土地利用の影響について解析を行った。その結果、農地や都
市は GPPや ERに影響を及ぼすものの、その影響具合は測点からの距離によって異なるこ
と、また土地利用・被覆のなかでは牧場などの草地面積が GPPや ERの緯度に沿った変化
と強く関係していることが示された。これら結果から、河川生態系の代謝速度の緯度に沿
った変化は、温度や照度など広域的な環境要因よりもむしろ集水域の被覆・土地利用に影
響されていることが明らかとなった。 
 以上のように、本研究は河川生態系の代謝速度が緯度に沿って変化するというパターン
を見出し、そのパターンが広域的な環境要因ではなく緯度に沿った地域的な要因の変化に
よるという新たな知見をもたらした。これら成果は、自立して研究活動を行うに必要な高
度の研究能力と学識を有することを示している。したがって，GURUNG ANANDEETA
提出の論文は，博士（生命科学）の博士論文として合格と認める。 
 
 
 
 
 
